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Description 

[0001] The present invention refers to a method and 
an apparatus for lacing and knotting, by means of a cord, 
coils or windings of dynamo-electric machines, for ex- 
ample stator coils of electric motors. 
[0002] More particularly the invention refers to an ap- 
paratus and a relative method for automatically making 
a knot on the end lacing terminal of the cord. 
[0003] The stators of many dynamo-electric ma- 
chines, for example motors and electric generators, 
comprise a toroidal metal core and a plurality of copper 
or aluminium wire windings, passing through the core, 
suitable for generating a magnetic field necessary for 
the operation of the machine. For improving the ma- 
chine efficiency and for avoiding that a winding wire in- 
terfere with the rotor, the windings are generally 
wrapped, in particular the parts that project out of the 
core, by means of a cotton or synthetic material cord, 
for example polyester. 

[0004] In order to effect the lacing of the stators in an 
automatic way have been developed suitable automatic 
lacing stations. For instance the US Patent 3,685,470 
describes a machine for the lacing of stators that effects 
a type of lacing known as "diamond stitch" or "honey- 
comb." Using this machine however, when the lacing is 
finished, the operator must manually knot the initial and 
final terminals of the cord, and this operation affects con- 
siderably the production costs and times. 
[0005] In order to obviate this drawback have been 
developed knotting stations that provide, when the sta- 
tor gets out of the lacing station, to knot together the 
initial and final terminals of the cord. The addition of a 
station in the production line affects however consider- 
ably the costs of the plant, the maintenance costs and 
increases the probabilities of a machine stop due to fail- 
ures on the production line. 

[0006] In the US patent 3,983,826 is disclosed a de- 
vice that locks the starting lacing terminal of the cord 
and subsequently effects a knot on the end lacing ter- 
minal. The knot made by such device is however a rath- 
er complex knot that lengthens considerably the working 
cycle of each single piece. 

[0007] The US patent 4,614,161 discloses a device 
that effects automatically the lacing of a stator coil, using 
a diamond stitch, and, at the end of the lacing phase, 
effects a knot on the end terminal of the cord. The ef- 
fectiveness of the knot is assured by the melting of the 
cord free end, a cord made of polyester or other poly- 
meric material, which is contemporaneously cut by 
means of an incandescent wire. Such device has how- 
ever some drawbacks, the effectiveness of the knot is 
in fact strongly conditioned by the dimensions of the 
melted "little ball" formed during the cut, which can vary 
depending on many main factors (quality of the cord, 
temperature of the incandescent wire, etc.), moreover, 
at each cut, it Is produced a superfluous cord portion, 
known as "scrap", which must be immediately removed 



and which represents an economical and ecological 
waste, 

[0008] JP-A 2214445 discloses a device for lacing 
and knotting a coil of a dynamo-electric machine, in 
5 which a knotting loop Is formed at the end of the lacing 
phase: the loop is then cut and the cord end portion is 
pulled to form the knot that is then squeezed against the 
coil. The knot is scarcely reliable and is formed by using 
complex means, different from those employed for the 
10 lacing phase. 

[0009] US patent 4,558,894 discloses a device for ty- 
ing or lacing a bundle of electrical wires, where the lac- 
ing process is stopped upon formation of a predeter- 
mined number of cord loops around the bundle, and a 
15 number of additional loops is laid In a chain-like forma- 
tion on one side of the bundle. Once the desired number 
of additional loops has been laid, the cord is pulled tight 
to form a knot and is cut to allow starting a new lacing 
phase. Practical experience has shown that a knot 
made in such manner is not reliable and becomes read- 
ily untied. 

[001 0] A first object of the present invention it is there- 
fore to provide a method and a relative apparatus for 
effecting automatically both the lacing of a stator coil and 
the knotting of the end terminal of the cord, obviating to 
the drawbacks of the prior art devices. 
[0011] Another object of the present invention it is to 
provide a lacing apparatus that, at the end of the cycle, 
effects automatically a self-locking knot on the end ter- 
minal of the cord and that it doesn't generate scraps (un- 
wanted cord portions). 

[001 2] These objects of the present invention are ob- 
tained by means of a method and a relative automatic 
lacing/knotting apparatus, as defined in the accompa- 
nying claims. 

[001 3] According to the invention the lacing and knot- 
ting apparatus comprises an automatic control system 
that, when the coil lacing operation is terminated, stops 
the rotation movement of the stator and drives the lacing 
needle according to a sequence of movements suitable 
for performing a self-locking knot on the end terminal of 
the cord. 

[0014] Thanks to the self-locking knot the lacing and 
knotting apparatus realised according to the invention 
shows better economic and simplicity characteristics 
relative to the known art and allows, thanks to the cord 
cutting system that doesn't generate scraps, to acceler- 
ate the production process and to increase reliability 
[0015] The aforesaid objects will result mostly clear 
from the detailed description of embodiments of the 
method according to the invention with particular refer- 
ence to the attached figures in which: 

Figure 1 is a perspective view of part of a stator dur- 
ing a conventional diamond stitch lacing process; 
Figures 2 and 3 show the final phases of the lacing 
process; 

Figures from 4 to 9 show the phases of a first knot 
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lockup realised according to a first alternative of the 
method of the present invention; 
Figures 10A and 10B show three successive knot 
lockups realised according to the first alternative of 
the method of the present Invention; 5 
Figures 11 and 12 show the hooking of the cord by 
means of an harpoon at the end of the knotting 
phase according to the method of the present in- 
vention; 

Figure 13 shows the cord cutting phase at the end io 
of the knotting phase realised according to the 

present invention; 

Figure 14 shows the position of the cord before the 
beginning of a following lacing phase on a new sta- 
tor coll; 15 
Figure 15 shows an advanced lacing phase on a 
new stator coil; 

Figures 1 6 to 28 show the phases of a knotting proc- 
ess realised according to a second alternative of the 
method of the present invention. 20 

[0016] In Figure 1 it is shown part of a stator 2 of a 
dynamo-electric machine during a diamond-stitch lacing 
process. Particularly it is visible a toroidal metal core 4 
and a copper wire coil 6, having circular shape, disposed 25 
over the core 4. Under the core 4 is generally present a 
second coil, not shown in figure, having shape and char- 
acteristics similar to the upper coil. The two coils are 
connected by means of wires 7 passing through the core 
4. Between adjacent groups of wires 7are present some so 
slots 9 which allow the passage of the needle 1 2 during 
the coil lacing phase. 

[0017] Being the upper and the lower coils very similar 
in shape and dimension, the automatic lacing machine 
is able to perform simultaneously, thanks to the symmet- 3S 
rical structure, the lacing of both the coils. Hereinafter 
will be described, for clearness, the knotting operation 
of the upper coil only, in that the operations performed 
by a possible second needle on a lower coil would be 
identical and perfectly specular. 4o 
[0018] The stator 2 Is initially centred and fixed on a 
rotating base whose rotation is synchronised with the 
movements of a needle 12, having a hook-shaped end, 
and of a thread-guide tube 10. The rotation of the base 
is performed by angular divisions proportional to the 
number of slots in the coll (for a stator with 24 slots, for 
instance, the angle of rotation Is equal to 15"). 
[001 9] The needle 1 2 is mounted on a needle support, 
not shown in figure, that allows it to effect various move- 
ments, a radial fonn/ard/backward movement, pointed so 
out in figure by the arrow A, an axial top/bottom move- 
ment, pointed out by the arrow B, and rotation move- 
ments around its axis clockwise or counterclockwise, 
see arrow C. The thread-guide tube 10 is mounted on 
a tube support which moves vertically and which can 55 
oscillate sideways to the right and to the left in order to 
follow the needle movements during the lacing opera- 
tion. The aforesaid movements, reciprocally synchro- 
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nised, could be obtained for instance by means of me- 
chanical cam wheel oscillators and/or linkworks operat- 
ed by a brushless electric motor driven by a dedicated 
control board. 

[0020] At every lacing stitch the needle 12 advances 

with a radial movement into a slot 9, it hooks the cord 8 
that comes from the tube 10, it withdraws passing the 
cord through a previously made lacing ring forming a 
new lacing ring, it moves upward with an axial move- 
ment, It advance again toward the inside of the coil for 
hooking again the cord and it finally withdraws forming 
another lacing ring. At this point, while the needle moves 
downward, the base rotates the stator of a position for 
allowing the needle to pass into next slot. The interlacing 
of the lacing rings originates a stitch known as the dia- 
mond or honeycomb stitch that winds and tightens the 
coll. 

[0021 ] During the back movements the needle 1 2 ef- 
fects a rotation on its own axis of approximately 1 80 de- 
grees, clockwise when the needle is In the lower position 
and counterclockwise when it is in the upper position. 
This expedient allows to release the needle hook ex- 
tremity from the previously made lacing ring during with- 
drawing. 

[0022] When the stator has effected a complete rota- 
tion and the lacing phase is terminated, the needle ef- 
fects a last movement, shown in figure 2, from the inside 
toward the outside of the stator, effecting contempora- 
neously a 180 degrees counterclockwise rotation, and 
starts to descend for reaching an intermediary position 
shown in figure 3. 

[0023] Analogously the lacing phase could finish with 
a movement of the needle 1 2 from the inside toward the 
outside effected in the lower position, that is passing into 
a slot of the stator, returning then the needle in a position 
equivalent to the position shown in figure 3. 
[0024] At this point the total kinematic motion of the 
machine stops, in the position shown in figure 3, with 
the hook of the needle 12 inserted in a last lacing ring 
28, and starts the knotting phase. The lowering of the 
thread-guide tube 1 0, which during the lacing always ac- 
companies the vertical movements of the needle 12, 
contributes to maintain tense the cord in this stopping 
phase. 

[0025] The coming out of the cord 8 from the thread- 
guide tube 1 0 is controlled moreover by a cord friction 
and recovery system, not illustrated In figures, that al- 
lows, when necessary, to restrain its exit or to withdraw 
the cord into the thread-guide tube 10. 
[0026] When the kinematic motion of the machine has 
hatted, It is necessary to separate the synchronism be- 
tween the rotation of the base, on which the stator 2 is 
fixed, and the movements of needle 12 and thread- 
guide tube 10. In this way it is possible to stop the rota- 
tion of the base and to control independently the needle 
movement. Particularly it Is separated the rotation 
movement of the needle 1 2 from the kinematic motion 
of the global lacing mechanics. The rotation of the nee- 
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die, during the knotting phase, is controlled by an addi- 
tional electric motor suitably controlled. 
[0027] At this point the needle 1 2 is rotated on its own 
axis clockwise 180 degrees, turning upwardly the hook 
extremity and reaching the position shown in figure 4, s 
then the sense of rotation of the kinematic motion of the 
machine is reversed moving up again the needle 12 and 
the thread-guide tube 10 and making advance the nee- 
dle 12 radially toward the inside of the stator, see figure 
5, passing in the last lacing ring 28, along a direction io 
opposite to the direction of the last movement made by 
the needle for finishing the lacing phase. 
[0028] In this phase intervenes the cord controlled re- 
covery system that provides, withdrawing the exceeding 
portion of the cord into the thread-guide tube 10, to is 
maintain tense the last lacing ring 28 on the needle 12. 
[0029] The advancement of the needle 1 2 towards the 
inside continues up to go beyond the cord 8 that exits 
from the thread-guide tube 10, see figure 6, then the 
needle retires hooking the cord, see figure 7, performs 20 
a 1 80° counterclockwise rotation for not hooking into the 
ring 28, see figure 8, and pulls the cord 8 into the ring 
28 causing its closing and forming a first knotting ring 
30, see figure 9. 

[0030] In this phase the closing of the ring 28 is fa- 25 

voured by the controlled intervention of the friction sys- 
tem that provides for stopping, or however braking, the 
exit of the cord 8 from the thread-guide tube 1 0. 
[0031] The lacing ring 28 therefore has been closed 
on the cord ring 30 forming a first knot lockup 20. The so 
needle 12 and the thread-guide tube 1 0 are returned in 
the initial knotting position previously shown in figure 3. 
[0032] Operating the kinematic motion in reverse 
sense it is therefore possible to repeat the phases above 
described, and illustrated in figures 3 to 9, in order to 35 
form a second knot lockup and, subsequently, a third 
knot lockup, getting a chain of knots 32 shown in figures 
10A and 10B. Experimentally it has been verified that 
the realisation of three knot lockups represents an ex- 
cellent compromise between knotting time and final 40 
characteristics. However it is possible realize, using the 
same technique, a chain composed by only two knot 
lockups or by a desired higher number of knot lockups. 
[0033] Figure 1 0A shows therefore the terminal phase 
of the realisation of the last knot lockup, in this case the 
third, wherein the hook of the needle 12 is inserted in a 
last cord ring 31. 

[0034] In Figure 10B it is shown schematically, in an 
open configuration, the chain, realised by means of the 
three knot lockups above described, formed by linkage so 
of the last lacing ring 28 and the three following knotting 
rings 30, 33 and 35. 

[0035] Once effected the last knot lockup, the needle 
1 2 is rotated 1 80° clockwise, the sense of the kinematic 
motion is again reversed, the needle 1 2 is passed into ss 
the ring 31 and moved to the position of total advancing, 
shown in Figure 1 1 . Subsequently a harpoon 1 4, coming 
from a side direction substantially perpendicular to the 
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needle 12, passes under the needle and, once hooked 
the cord 8, retires withdrawing the cord and locking it 
contemporaneously by means of a lock 16, as visible in 
Figure 12, for preparing the cord to the cutting phase. 
[0036] Figure 13 shows in detail the cutting phase of 
the cord 8 that finishes the knotting operation. The cord 
ring 31, passing around the needle 12, is tensioned by 
the harpoon 14 in combination with the lock 16. By 
means of a sharp blade or an other cutting system, as 
for instance a wire made incandescent by the passage 
of electric current, it is possible to intervene sideways 
cutting, in the point 18, only one of the two half rings of 
cord tensioned between the knot 32 and the needle 12. 
Drawing the cord 8 by means of the harpoon 14 it is 
therefore possible to extract the cord from the knot 32, 
releasing the extremity 8'. Only a short cord portion 8" 
remains attached to the self-locking knot 32. 
[0037] Advantageously, if a rotating table, suitable for 
holding contemporaneously two stators, is used, once 
finished the knotting operation on one stator and cut the 
cord as described above, the rotation of the table itself 
provides for drawing the cord portion 8' from the knot 
32, as shown in Figure 14, without the need of another 
intervention of the harpoon 14. 
[0038] The free cord extremity 8' can be sucked by a 
vacuum pipe 24, placed perpendicularly to the needle 
12, shown in Figure 15, wherein it is shown a new lacing 
operation, In an advanced phase, on another stator coil. 
As it is clearly visible in Figure 15, the free cord portion 
8' is automatically locked under the lacing, getting out 
of the vacuum pipe 24 as the stator is rotated clockwise. 
[0039] The realisation of this knot therefore doesn't 
generates scrap, or isolated cord portions, that other- 
wise should be immediately removed for not interfering 
with the mechanical moving parts of the machine itself. 
[0040] In Figures 1 6 to 28 it is illustrated a second em- 
bodiment of the knotting method realised according to 
the present invention. 

[0041 ] Figure 1 6 shows the position of the needle 1 2 
and of the thread-guide tube 10 when, terminated the 
lacing phase, the total kinematic motion of the machine 
stops for beginning the knotting phase. The configura- 
tion shown in Figure 16 is equal to the starting configu- 
ration, previously shown in Figure 3, of the first embod- 
iment. 

[0042] The hook of the needle 1 2, turned downwardly, 
is inserted in a last lacing ring 34, the needle 1 2 and the 
thread-guide tube 1 0 are slightly lowered and they main- 
tain tensioned the cord 8. 

[0043] The coming out of the cord 8 from the thread- 
guide tube 1 0 is controlled moreover by a cord friction 
and recovery system, not illustrated in Figures, that al- 
lows, when necessary, to restrain its exit or to withdraw 
the cord into the thread-guide tube 10. 
[0044] When the kinematic motion of the machine has 
halted, it Is necessary to separate the synchronism be- 
tween the rotation of the base, on which the stator 2 is 
fixed, and the movements of needle 12 and thread- 
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guide tube 10, so that it is possible to stop the rotation 
of the base and to control independently the needle 
movement. Particularly it is separated the rotation 
movement of the needle 1 2 from the kinematic motion 
of the global lacing mechanics. The rotation of the nee- s 
die, during the knotting phase, is controlled by an addi- 
tional electric motor suitably controlled. 
[0045] Next phase, shown in Figure 17, provides for 
the rotation of the needle 12 on its own axis of about 
540 degrees clockwise in order to twist the lacing ring io 
34, generating a torsion 36 in the cord» and turning up 
the hook extremity. 

[0046] Successively the sense of rotation of the kine- 
matic motion of the machine is reversed, moving up the 
needle 1 2 and the thread-guide tube 1 0 and making ad- is 
vance the needle 1 2 radially toward the inside of the sta- 
ler, see Figure 18, passing in the twisted lacing ring 34, 
along a direction opposite to the direction of the last 
movement made by the needle for finishing the lacing 
phase, in this case passing over the coil 6. 20 
[0047] In this phase Intervenes the cord controlled re- 
covery system that provides, withdrawing the exceeding 
portion of the cord into the thread-guide tube 10, to 
maintain tense the twisted lacing ring 34 on the needle 
12. 25 
[0048] The advancement of the needle 1 2 towards the 
inside continues up to go beyond the cord 8 that exits 
from the thread-guide tube 10, see Figure 19, then the 
needle retires hooking the cord, see Figure 20, performs 
a 1 80^ counterclockwise rotation for passing, easily into so 
the twisted ring 34, see Figure 21, and pulls the cord 8 
into the twisted ring 34 causing Its closing and forming 
a first knot lockup 38 and a first knotting ring 39. 
[0049] In this phase the closing of the twisted ring 34 
Is favoured by the controlled Intervention of the friction 35 
system that provides for stopping, or however braking, 
the exit of the cord 8 from the thread-guide tube 10. 
[0050] The twisted lacing ring 34 therefore has been 
closed on the cord ring 39, or knotting ring, forming a 
first knot lockup 38, as shown In Figure 22. The needle 
12 and the thread-guide tube 1 0 are returned in a posi- 
tion equivalent to the initial knotting position previously 
shown In Figure 16. 

[0051] Next phase, shown in Figure 23, provides for 
the rotation of the needle 12 on its own axis of about 45 
540 degrees counterclockwise in order to twist the lac- 
ing ring 39, generating a second torsion 40 in the cord, 
and turn up the hook extremity. 
[0052] Reversing now the kinematic motion of the ma- 
chine, the needle 12 and the thread-guide tube 10 are 50 
raised, and then the needle 1 2 moves radially toward 
the inside of the stator, see Figure 24, passing in the 
twisted lacing ring 39. 

[0053] The advancement of the needle 1 2 towards the 
inside continues up to go beyond the cord 8 that exits ss 
from the thread-guide tube 10. see Figure 25, then the 
needle retires hooking the cord, see Figure 26, performs 
a 1 80° counterclockwise rotation for not hooking into the 



831 B1 8 

twisted ring 39, see Figure 27, and pulls the cord 8 into 
the twisted ring 39 causing its closing and forming a sec- 
ond knot lockup 42 and a last knotting ring 44. 
[0054] Figure 28 shows, schematically, the succes- 
sion of the first torsion 36, the first knot lockup 38, the 
second torsion 40 and the second knot lockup 42. In the 
real knot the sequence of these operations generates a 
small chain In which it is difficulty to distinguish the twists 
and the knot lockups. 

[0055] The torsion preceding each knot lockup con- 
tributes considerably to increase the tightness of the 
knot, allowing to realize, by means of only two knot lock- 
ups, a perfect self-locking knot. 
[0056] Experimentally it has been verified that the re- 
alisation of two twisted knot lockups represents an ex- 
cellent compromise between knotting time and final 
tightness characteristics. However It Is possible realize, 
using the same technique, a chain composed by only 
one twisted knot lockup, if a high tightness is not re- 
quested, or by a higher number of twisted knot lockups. 
[0057] The direction of the 540° rotations performed 
by the needle 12 for realising the first and the second 
twists in the cord is not a critical parameter for the real- 
isation of the knot. Said twists in fact can be realised 
indifferently clockwise or counterclockwise, in opposite 
directions or in the same direction. Moreover each rota- 
tion, which preferably is of 540°, equal to a one and a 
half turn of the needle, could be for instance of 900°, 
equal to two turns and half, or of any desired value great- 
er than 180°. 

[0058] For terminating the realisation of the twisted 
self-locking knot the method provides, as previously il- 
lustrated in Figures 1 1 to 1 5 of the first embodiment, for 
the capture of the cord 8 by means of a harpoon 14, the 
cut of the last knotting ring obtained and for the subse- 
quent withdrawing of the cord 8 from the knot. 



Claims 

1 . Method of knotting an end lacing terminal of a cord 
(8) used for wrapping a generally toroidal coll (6) of 
a dynamo-electric machine, by means of a lacing 
apparatus of the type comprising cord supply 
means (10). a lacing needle (12) having a hook- 
shaped extremity and capable of rotating around Its 
axis (C) as well as of moving radially (A) and axially 
(B) relatively to said coil (6) for engaging said cord 
(8) and pulling it radially in order to form interlaced 
lacing rings wrapping said coil (6), and means for 
rotating said coil (6) around its axis In synchronism 
with the movements of said needle (1 2), the method 
comprising the steps of: 

- forming, upon completion of a lacing phase, a 
plurality of linked knotting rings (30, 33. 35, 31 ; 
39, 44) on said end lacing terminal, by making 
the cord pass each time through a previously 
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formed knotting ring (30, 33, 35; 39) or through 
a last-formed lacing ring (28; 34), respectively, 
when a first knotting ring (30; 39) Is being 
formed; and 

- cutting the last knotting ring (31 ; 44) of said plu- s 
rality; 

and being characterised in that, during the forma- 
tion of each knotting ring (30, 33, 35; 39, 44), the 
cord (8) is pulled to such an extent that said last- io 
formed lacing ring (28; 34) and respectively each 
knotting ring (30, 33, 35; 39) preceding a last knot- 
ting ring (31 ; 44) are individually closed on the knot- 
ting ring (30, 33, 35, 31; 39, 44) being formed, 
whereby a chain of knot lockups (20; 38, 42) forming is 
a self-locking knot (32) is obtained, the last knotting 
ring being cut at a position (1 8) adjacent to the knot 
(32). 

Method according to claim 1 , wherein said knotting 20 
rings (30, 33, 35, 31) are formed through the steps 
of: 

a1 ) once finished the lacing phase by means of 
a last radial movement of the needle (1 2) from 25 
the inside of the coil (6) toward the outside to 
form said last lacing ring (28), separating the 
synchronism between the rotation movement 
of the coil and the movement of the needle and 
stopping the rotation of said coil; so 
b1 ) driving the needle (1 2) in a first radial move- 
ment toward the inside of the coil (6), along a 
path equivalent to a needle path during said last 
radial movement, but in opposite direction; 
c1 hooking the cord (8), supplied by said cord 35 
supplying means (10), by means of the hook- 
shaped extremity of said needle (1 2); 
d1) driving the needle (12) with the cord (8) en- 
gaged in Its hook-shaped extremity in a first ra- 
dial movement toward the outside of the coil (6), 
along a path equivalent to the needle path dur- 
ing said first radial movement toward the inside, 
but in opposite direction, pulling the cord (8) in- 
to said last lacing ring (28), causing its closing 
into a first knot lockup (20) and forming the first 45 
knotting ring (30); 

e1) driving the needle (12) in a second radial 
movement toward the inside of the coil, along 
a path equivalent to the needle path during said 
last radial movement, but in opposite direction; so 
f1 ) hooking the cord (8). supplied by said cord 
supplying means (10), by means of the hook- 
shaped extremity of said needle (12); 
g1 ) driving the needle (1 2), with the cord (8) en- 
gaged In its hook-shaped extremity, in a second ss 
radial movement toward the outside of the coil, 
along a path equivalent to the needle path dur- 
ing said second radial movement toward the in- 



side, but in opposite direction, pulling the cord 
(8) into said first knotting ring (30), causing its 
closing into a second knot lockup and forming 
a second knotting ring; 

hi) executing a cut (18) in the last knotting ring 
and pulling the cord for extracting the free ex- 
tremity (8'), obtaining consequently a self-lock- 
ing knot (32). 

3. Method according to claim 2, wherein, before exe- 
cuting the cut in said second knotting ring, the fol- 
lowing steps are accomplished: 

11 ) driving the needle (1 2) in a third radial move- 
ment toward the inside of the coil, along a path 
equivalent to the needle path during said last 
radial movement, but in opposite direction; 
j1) hooking the cord (8), supplied by said cord 
supplying means (10), by means of the hook- 
shaped extremity of said needle (12); 
k1) driving the needle (12), with the cord (8) en- 
gaged in its hook-shaped extremity, in a third 
radial movement toward the outside of the coil, 
along a path equivalent to the needle path dur- 
ing said third radial movement toward the in- 
side, but in opposite direction, pulling the cord 
(8) into said second knotting ring, causing its 
closing into a third knot lockup and forming a 
third knotting ring. 

4. Method according to claim 2, wherein, before exe- 
cuting the cut in said second knotting ring, steps 
el), f1) and g1) are repeatedly iterated in order to 
form a chain having a desired length. 

5. Method according to any of claims 2 to 4, wherein 
the needle (12), after having hooked the cord (8), 
performs a rotation of about 180° around its axis, 
during the radial movement toward the outside of 
the coil, turning downwards its hook-shaped ex- 
tremity. 

6. Method according to claim 5, wherein the needle 
(12), after having done a radial movement toward 
the outside of the coil, performs a rotation of about 
180** around its axis turning up again its hook- 
shaped extremity. 

7. Method according to claim 5, wherein the needle 
(12). after having done a radial movement toward 
the outside of the coil, effects a first axial movement 
downwards, a rotation of about 1 80° around its axis, 
turning up again its hook-shaped extremity, and a 
second axial movement upwards in a direction op- 
posite to said first axial movement. 

8. Method according to claim 1 , wherein said knotting 
rings (39, 44) are formed through the steps of: 
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a2) once finished the lacing phase by means of 
a last radial movement of the needle (12) from 
the inside of the coil (6) toward the outside to 
form said last lacing ring (34), separating the 
synchronism between the rotation movement 
of the coil and the movement of the needle and 
stopping the rotation of said coil; 
b2) driving the needle (12) in a first rotation 
around its own axis, to fomi a first torsion (36) 
In said last lacing ring (34) and obtain a twisted 
last lacing ring (34); 

c2) driving the needle (1 2) in a first radial move- 
ment toward the inside of the coil (6), along a 
path equivalent to the needle path during said 
last radial movement, but In opposite direction; 
d2) hooking the cord (8), supplied by said cord 
supplying means (10), by means of the hook- 
shaped extremity of said needle (12); 
e2) driving the needle (12), with the cord (8) en- 
gaged In Its hook-shaped extremity, in a first ra- 
dial movement toward the outside of the coil (6), 
along a path equivalent to the needle path dur- 
ing said first radial movement toward the inside, 
but In opposite direction, pulling the cord (8) in- 
to said twisted last lacing ring (34), causing its 
closing into a first knot lockup (38) and forming 
a first knotting ring (39); 
f2) executing a cut (18) In the last knotting ring 
and pulling the cord for extracting the free ex- 
tremity (8'), obtaining consequently a self-lock- 
ing knot. 

9. Method according to claim 8, wherein, before exe- 
cuting the cut in the last knotting ring, the following 
steps are accomplished: 

g2) driving the needle (12) in a second rotation 
around its own axis to form a second torsion 
(40) in said first knotting ring (39) and obtain a 
first twisted knotting ring (39); 
h2) driving the needle (12) in a second radial 
movement toward the Inside of the coil, along 
a path equivalent to the needle path during said 
last radial movement but in opposite direction; 
12) hooking the cord (8), supplied by said cord 
supplying means (10), by means of the hook- 
shaped extremity of said needle (12); 
j2) driving the needle (1 2), with the cord (8) en- 
gaged in its hook-shaped extremity, in a third 
radial movement toward the outside of the coll, 
along a path equivalent to the needle path dur- 
ing said second radial movement toward the In- 
side, but in opposite direction, pulling the cord 
(8) into said first twisted knotting ring (39), 
causing Its closing into a second knot lockup 
(42) and forming a second knotting ring (44). 

10. Method according to claim 9, wherein said first ro- 



tation is performed in a direction opposite to the di- 
rection of said second rotation. 

1 1 . Method according to claim 9, wherein said first and 
5 said second rotations are rotations of about 540°. 

12. Method according to claim 8. wherein, before exe- 
cuting the cut in the last knotting ring, steps b2), c2), 
d2) and e2) are repeatedly Iterated, in order to form 

10 a twisted ring chain having a desired length. 

13. Method according to any of the claims 8 to 12, 
wherein the needle (12), after having done one of 
said radial movements toward the outside of the 

15 coll, effects a first axial movement downwards and, 
after a rotation around its axis, effects a second ax- 
ial movement upwards moving In the upper posi- 
tion. 

20 14. Method according to any of the claims 2 to 13, 
wherein, before executing the cut in the last knotting 
ring, the following steps are accomplished: 

I) driving the needle (1 2) in a first radial move- 
25 ment toward the inside of the coil passing 

through the last knotting ring; 
m) hooking the cord (8) by means of a harpoon 
(14) that comes from a side direction substan- 
tially perpendicular to said needle (1 2), passes 
30 under the needle (12) and, once hooked the 

cord (8), is retracted while locking the cord by 
means of a lock (16). 

15. Method according to claim 14. wherein, when the 
35 cut (1 8) in the last knotting ring has been performed, 

said coil (6) is moved and replaced by a new coll to 
be laced, and the cord (8), locked by the harpoon 
(14) by means of the lock (16), is automatically 
pulled and withdrawn from the self-locking knot. 

40 

16. Method according to any of the claims 2 to 13, 
wherein said cut (18) in the last knotting ring is per- 
formed by means of a wire made incandescent by 
the passage of electric current. 

45 

17. Method according to any of the claims 2 to 13, 
wherein, in the steps in which the needle (1 2) is driv- 
en in a radial movement toward the inside of the 
coll, cord recovery means in said supply means (1 0) 

50 are made to intervene for maintaining tight the cord 
(8) on the needle (12), and, in the steps in which the 
needle (12) is driven in a radial movement toward 
the outside of the coil, cord braking means are 
made to intervene to limit the cord delivery from said 

55 supply means (10). 

18. Apparatus for automatically lacing and knotting, by 
means of a cord (8), a generally toroidal coil (6) of 
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a dynamo-electric machine, said apparatus com- 
prising cord supply means (10), means for driving 
a lacing needle (12) having a hool<-shaped extrem- 
ity, said driving means being capable of rotating 
said needle around its own axis (C) and of moving s 
it radially (A) and axially (B) relatively to said coil (6) 
for engaging said cord (8) and pulling it radially in 
order to form interlaced lacing rings wrapping said 
coil (6). means for cutting the cord after its knotting, 
and means for rotating said coil around Its axis in io 
synchronism with the movement of said needle 
(12), said needle driving means being operable, up- 
on completion of a lacing phase, to form a plurality 
of knotting rings (30, 33, 35, 31 ; 39, 44) on said end 
lacing terminal, by making the cord pass each time 
through a previously formed knotting ring (30, 33, 
35; 39) or through a last-formed lacing ring (28; 34), 
respectively, when a first knotting ring (30; 39) is be- 
ing formed, characterised in that said needle driv* 
ing means are arranged to pull the cord (8), during 20 
the formation of each knotting ring (30, 33, 35; 39, 
44), to such an extent that said last-formed lacing 
ring (28; 34) and respectively each knotting ring (30, 
33. 35; 39) preceding a last knotting ring (31; 44) 
are individually closed on the knotting ring (30, 33. 25 
35, 31; 39, 44) being formed, whereby a chain of 
knot lockups (20; 38, 42) forming a self-locking knot 
(32) is obtained, and In that the cutting means are 
arranged to cut the last knotting ring (31 ; 44) at a 
position adjacent to the knot (32). so 



Patentanspriiche 

1. Verfahren zum Verknoten des Fidelendstucks ei- 35 
ner Schnur (8) zum Umwickein einer im Allgemei- 
nen ringformigen Spule (6) einer dynamoelektri- 
schen Maschine mittels eines Fadelapparats der- 
gestalt, dass er ein Schnurzufuhrmittel (10), eine 
Fddelnadel (12). die einen hakenfdrmigen Vor- 40 
sprung aufweist und sich sowohl um Ihre Achse (C) 
drehen kann als auch sich im Verhaltnis zur ge- 
nannten Spule (6) radial (A) und axial (B) bewegen 
kann, um diese Schnur (8) in Eingriff zu nehmen 
und sie radial zu Ziehen, um verflochtene Fadel- ^ 
schlaufen zu bilden, die diese Spule (6) umwickein, 
und Mittel zum Drehen dieser Spule (6) um ihre ei- 
gene Achse in Abstimmung mit den Bewegungen 
der Nadel (12) aufweist, wobei dieses Verfahren die 
folgenden Schritte aufweist: so 

nach dem Abschluss der Fadelphase, Bildung 
einer Vielzahl von verknupften Knotenschlau- 
fen (30, 33. 35, 31 ; 39, 44) an diesem Fade- 
lendstuck, indem die Schnur jedes Mai durch ss 
eine zuvor gebildete Knotenschlaufe (30, 33, 
35; 39) bzw. die zuletzt gebildete FSdelschlaufe 
(28; 34) hindurchgeht, wenn eine erste Knoten- 



schlaufe (30; 39) gebildet wird; und 

Abschneiden der letzten Knotenschlaufe (31; 
44) von der genannten Vielzahl; 

und dadurch gekennzeichnet ist, dass bei der Bil- 
dung einer jeden Knotenschlaufe (30, 33, 35; 39, 
44) die Schnur (8) so fest angezogen wird, dass die 
enA/ahnte zuletzt gebildete Fadelschlaufe (28; 34) 
bzw. jede Knotenschlaufe (30, 33, 35; 39), die der 
letzten Knotenschlaufe (31 ; 44) vorausgeht, einzeln 
an der gebildeten Knotenschlaufe (30, 33, 35, 31; 
39, 44) zugezogen wird, wodurch ein aus einer Ket- 
te von Verknotungen (20; 38, 42) gebildeter. sich 
selbst festzlehender Knoten (32) erzielt wird, und 
die letzte Knotenschlaufe an einer Stelle (18) nahe 
dem Knoten (32) abgeschnitten wird. 

2. Verfahren nach Anspruch 1 , in dem diese Knoten- 
schlaufen (30, 33, 35. 31) durch die folgenden 
Schritte gebildet werden: 

a1 ) nach Abschluss der Fadelphase mittels der 
letzten radialen Bewegung der Nadel (12) von 
der Innenselte der Spule (6) zur AuBenseite der 
Spule hin, um die letzte Fadelschlaufe (28) zu 
bilden, Losen der Synchronisierung der Dreh- 
bewegung der Spule von der Bewegung der 
Nadel und Beendigung der Spulendrehung; 

b1 ) Fuhren der Nadel (1 2) in einer ersten radia- 
len Bewegung zur Innenseite (6) der Spule, 
analog des Weges, der der letzten von der Na- 
del zuruckgelegten radialen Bewegung ent- 
spricht, allerdings in umgekehrter Richtung; 

c1) Einhaken der Schnur (8), die durch das 
Schnurzufuhrmittel (10) bereitgestellt wird, mit- 
tels des hakenformigen Vorsprungs dieser Na- 
del (12); 

d1) Fuhren der Nadel (12) mit der Schnur (8), 
die durch den hakenformigen Vorsprung in Ein- 
griff genommen ist. in einer ersten radialen Be- 
wegung zur AuBenseite der Spule (6) hin. ana- 
log des Weges, der der ersten von der Nadel 
zurQckgelegten radialen Bewegung entspricht, 
allerdings in umgekehrter Richtung, dabei Zie- 
hen der Schnur (8) in diese letzte Fadelschlau- 
fe (28), wodurch sie zu einer ersten^Verknotung 
(20) zugezogen wird und die erste Knoten- 
schlaufe (30) bildet; 

e1) Fuhren der Nadel (12) in einer zweiten ra- 
dialen Bewegung durch die Innenseite der Spu- 
le analog eines Weges, der der letzten von der 
Nadel zuruckgelegten radialen Bewegung ent- 
spricht. allerdings in umgekehrter Richtung; 
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f1) Einhaken der Schnur (8), die vom Schnur- 
zufuhrmittei (10) bereitgesteiit wird. mittels des 
hakenfdrmigen Vorsprungs dieser Nadel (12); 

g1 ) Fuhren der Nadel (12) mit der vom haken- 5 
formigen Vorsprung in Eingriff genommenen 
Schnur (8) in einer zweiten radialen Bewegung 
zur AuBenseite der Spule hin, die dem Weg 
entspricht, den die Nadel bei der zweiten radia- 
len Bewegung zur Innenseite hin vollfuhrt hat, io 
allerdings in umgekehrter Richtung, dabei Zie- 
hen der Schnur (8) in diese erste Knoten- 
schlaufe (30), wodurch diese zu einer zweiten 
Verknotung zugezogen wird und eine zweite 
Knotenschlaufe bildet; is 

hi ) Durchfuhrung eines Schnitts (1 8) In die letz- 
te Knotenschlaufe und Ziehen der Schnur zum 
Herausziehen des freien Vorsprungs (8'), wo- 
durch man einen selbst-festziehenden Knoten 20 
(32) erhalt. 

Verfahren nach Anspruch 2, In dem vor der Ausfuh- 
rung des Schnitts in diese zweite Knotenschlaufe 
die folgenden Schritte ausgefuhrt werden: 25 

i1) Fuhren der Nadel (12) in einer dritten radia- 
len Bewegung zur Innenseite der Spule hin ent- 
lang eines Weges, der der letzten von der Na- 
del zurQckgelegten radialen Bewegung ent- 30 
sprlcht, allerdings in umgekehrter Richtung; 

j1) Einhaken der Schnur (8), die vom Schnur- 
zufuhrmittel (1 0) bereitgestelit wird, mittels des 
hakenfdrmigen Vorsprungs dieser Nadel (12); 35 

k1) Fuhren der Nadel (12) mit der vom haken- 
formigen Vorsprung in Eingriff genommenen 
Schnur (8) in einer dritten radialen Bewegung 
zur AuBenseite der Spule hin entiang des We- ^0 
ges, der dem von der Nadel bei der dritten ra- 
dialen Bewegung zur Innenseite hin zurQckge- 
legten entspricht, allerdings in umgekehrter 
Richtung, dabei Ziehen der Schnur (8) in diese 
zweite Knotenschlaufe (30), wodurch diese zu 
einer dritten Verknotung zugezogen wird und 
eine dritte Knotenschlaufe bildet. 

Verfahren nach Anspruch 2, in dem vor der Ausfuh- 
rung des Schnitts in diese zweite Knotenschlaufe so 
die Schritte el), f1) und g1) wiederholt ausgefuhrt 
werden, um eine Kette von gewunschter LSnge zu 
bilden. 

Verfahren nach einem der Anspruche 2 bis 4, in ss 
dem die Nadel (1 2), nachdem sie die Schnur (8) ein- 
gehakt hat, gleichzeitig mit der radialen Bewegung 
zur AuBenseite der Spule hin eine Drehung um et- 



wa 180® um ihre Achse ausfCihrt und dabei ihren 
hakenfdrmigen Vorsprung nach unten dreht. 

6. Verfahren nach Anspruch 5. in dem die Nadel (12), 
nachdem sie eine radiale Bewegung zur AuBensei- 
te der Spule hin vollfuhrt hat, eine Drehung um ihre 
Achse um etwa 1 80° ausfuhrt und dabei ihren ha- 
kenfdrmigen Vorsprung wieder nach oben dreht. 

7. Verfahren nach Anspruch 5, in dem die Nadel (12), 
nachdem sie eine radiale Bewegung zur AuBensei- 
te der Spule hin vollfuhrt hat, eine erste axiale Be- 
wegung nach unten, eine Drehung um etwa ISO"" 
um ihre Achse, dabei den hakenfdrmigen Vor- 
sprung wieder nach oben dreht und eine zweite 
axiale Bewegung nach oben in einer entgegenge- 
setzten Richtung zur ersten axialen Bewegung be- 
wirkt. 

8. Verfahren nach Anspruch 1 , in dem diese Knoten- 
schlaufen (39, 44) durch die folgenden Schritte ge- 
bildet werden: 

a2) nach Abschluss der Fadelphase durch die 
letzte radiale Bewegung der Nadel (1 2) von der 
Innenseite der Spule (6) zur AuBenseite der 
Spule hin zur Bildung der letzten Fadelschlaufe 
(34), Losen der Synchronisierung der Drehbe- 
wegung der Spule von der Bewegung der Na- 
del und Beendigung der Drehung dieser Spule; 

b2) Fuhren der Nadel (12) in einer ersten Dre- 
hung um ihre eigene Achse, um eine erste Tor- 
sion (36) in dieser letzten Fadelschlaufe (34) 
zu bilden und eine gezwirbelte letzte Fadel- 
schlaufe (34) zu erhalten; 

c2) Fuhren der Nadel (12) in einer ersten radia- 
len Bewegung zur Innenseite der Spule (6) hin 
entiang eines Weges, der der letzten von der 
Nadel zurCickgelegten radialen Bewegung ent- 
spricht, allerdings in umgekehrter Richtung; 

d2) Einhaken der Schnur (8), die vom Schnur- 
zufuhrmittel (10) bereitgestelit wird, mittels des 
hakenfdrmigen Vorsprungs dieser Nadel (12); 

e2) Fuhren der Nadel (12) mit der vom haken- 
fdrmigen Vorsprung in Eingriff genommenen 
Schnur (8) in einer ersten radialen Bewegung 
zur AuBenseite der Spule (6) hin, entiang des 
Weges, der der letzten von der Nadel zuruck- 
gelegten radialen Bewegung entspricht, aller- 
dings in umgekehrter Richtung, dabei Ziehen 
der Schnur (8) in diese letzte gezwirbelte Fa- 
delschlaufe (34), wodurch sie zu einer ersten 
Verknotung (38) zugezogen wird und eine erste 
Knotenschlaufe (39) bildet; 
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f2) Durchfuhren eines Schnitts (18) in die letzte 
Knotenschlaufe und Ziehen an der Schnur zum 
Herausziehen des freien Vorsprungs (8'), wo- 
durch ein selbst-festzlehender Knoten (32) er- 
zielt wird. 

9. Verfahren nach Anspruch 8, in dem vor der Durch- 
fuhrung des Schnitts in die letzte Knotenschlaufe 
die folgenden Schritte ausgefuhrt werden: 

g2) Fuhren der Nadel (12) in einerzweiten Dre- 
hung urn ihre eigene Achse, um eine zweite 
Torsion (40) in dieser ersten Knotenschlaufe 
(39) zu biiden und eine erste verdrehte Knoten- 
schlaufe (39) zu erhalten; 

h2) Fuhren der Nadel (12) in einer zweiten ra- 
dialen Bewegung zur Innenseite der Spule hin 
entlang eines Weges, der der letzten von der 
Nadel zuruckgelegten radlalen Bewegung ent- 
sprlcht, allerdings In unngekehrter RIchtung; 

i2) Einhaken der Schnur (8), die vom Schnur- 
zufuhrmittel (1 0) bereitgestellt wird, mittels des 
hakenformigen Vorsprungs dieser Nadel (12); 

j2) Fuhren der Nadel (12) mit der vom haken- 
formigen Vorsprung in Eingriff genommenen 
Schnur (8) in einer dritten radlalen Bewegung 
zur AuBenseite der Spule hin entlang des We- 
ges, der der zweiten von der Nadel zuruckge- 
legten radialen Bewegung entspricht, aller- 
dings in umgekehrter Richtung, dabei Ziehen 
der Schnur (8) In diese erste gezwirbelte Kno- 
tenschlaufe (39), wodurch sie zu einer zweiten 
Verknotung (42) zugezogen wird und eine 
zweite Knotenschlaufe (44) bildet. 

1 0. Verfahren nach Anspruch 9, in dem diese erste Dre- 
hung in umgekehrter Richtung zur RIchtung dieser 
zweiten Drehung vollfuhrt wird. 

11. Verfahren nach Anspruch 9, in dem diese erste und 
zweite Drehung Drehungen um etwa 540^ darstel- 
len. 

1 2. Verfahren nach Anspruch 8, in dem vor der Ausfuh- 
rung des Schnitts in der letzten Knotenschlaufe die 
Schritte b2). c2), d2) und e2) wiederholt ausgefuhrt 
werden, um eine gezwirbelte Schlaufenkette von 
gewunschter Lange zu biiden. 

13. Verfahren nach einem der Anspruche 8 bis 12, in 
dem die Nadel (12) nach der Ausfuhrung dieser ra- 
dlalen Bewegungen zur AuBenseite der Spule hin 
eine erste axiale Bewegung nach unten ausfiihrt 
und, nach einer Drehung um ihre Achse, eine zwei- 
te axiale Bewegung nach oben ausfOhrt, die sie in 



die obere Position bewegt. 

14. Verfahren nach einem der Anspruche 2 bis 13. in 
dem vor der Ausfuhrung des Schnitts In die letzte 

5 Knotenschlaufe die folgenden Schritte ausgefuhrt 
werden: 

I) Fuhren der Nadel (1 2) in einer ersten radialen 
Bewegung durch die letzte Knotenschlaufe hin- 

10 durch zur Innenseite der Spule hin; 

m) Einhaken der Schnur (8) mittels einer Har- 
pune (14), die im Wesentlichen rechtwinklig in 
seitlicher Richtung aus dieser Nadel heraus- 
ragt (12), unter der Nadel (12) vorbeifuhrt und, 

15 sobald die Schnur (8) eingehakt 1st, zuruckge- 

zogen wird, wahrend die Schnur mittels eines 
Verschlusses (16) befestigt wird. 

15. Verfahren nach Anspruch 14, In dem, wenn der 
20 Schnitt (1 8) In die letzte Knotenschlaufe ausgefuhrt 

wurde, diese Spule (6) bewegt wird und durch eine 
neue zu umwickelnde Spule ersetzt wird, und die 
Schnur (8), die von der Harpune (14) mittels des 
Verschlusses (16) befestigt wurde, automatisch 
25 weggezogen und vom selbst-festziehenden Knoten 
entfernt wird. 

16. Verfahren nach einem der Anspruche 2 bis 13, in 
dem dieser Schnitt (1 8) in die letzte Knotenschlaufe 

30 eingebracht wird mittels eines Drahts, der durch 
flieBenden elektrischen Strom zum Gluhen ge- 
bracht wird. 

17. Verfahren nach einem der Anspruche 2 bis 13, in 
35 dem in den Schritten, In denen die Nadel (12) in ei- 
ner radialen Bewegung zur Innenseite der Spule 
hinbewegt wird, Schnurruckholmittel in diesem Zu- 
fuhrmittel (10) veranlasst werden, einzugreifen, um 
die Schnur (8) auf der Nadel (12) straff zu halten 

40 und in den Schritten, In denen die Nadel (12) in ei- 
ner radialen Bewegung zur AuBenseite der Spule 
hinbewegt wird, Schnurtrennmittel veranlasst wer- 
den, einzugreifen, um die Zufuhr von Schnur aus 
dem Schnurzufuhrmittel zu begrenzen (1 0). 

45 

18. Vorrlchtung zur automatischen Fadelung und Ver- 
knotung unter Verwendung einer Schnur (8), einer 
im Allgemelnen ringformigen Spule (6) einer dyna- 
moelektrtschen Maschlne, wobei diese Vorrlchtung 

50 ein Schnurzufuhrmittel (10), Mittel zur FQhrung ei- 
ner Fadelnadel (12), die einen hakenfomnigen Vor- 
sprung aufweisen, wobel das FQhrungsmittel die 
Nadel um ihre Achse (C) drehen und sie radial (A) 
und axial (B) im Verhaltnis zur Spule (6) bewegen 

55 kann, um die Schnur (8) in Eingriff zu nehmen und 
sie radial zu Ziehen, um inelnander gefadelte Fa- 
delschiaufen zu biiden, die die Spule (6) umwickein, 
Mittel zum Abschnelden der Schnur nach Ihrer Ver- 
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knotung und Mittel zur Drehung dieser Spule urn ih- 
re Achse in Abstimmung mit der Bewegung der Na- 
del (12) aufweist, wobei die Nadelfuhrungsmittel 
nach Beendigung der Fadelphase so bedient war- 
den kSnnen, dass sle eine Vielzahl von Knoten- 5 
schlaufen (30, 33. 35, 31 ; 39, 44) am Fadelendstuck 
bilden, indem sie die Schnur jedes Mai durch eine 
zuvor gebildete Knotenschlaufe (30, 33, 35; 39) hin- 
durchfuhren bzw. durch eine zuletzt gebildete Fa- 
delschlaufe (28; 34), wenn eine erste Knoten- 
schlaufe (30; 39) gebildet wird. dadurch gekenn- 
zeichnet, dass diese Nadelfuhrungsmittel so an- 
geordnet sind, dass sie wahrend der Bildung jeder 
Knotenschlaufe (30, 33, 35; 39, 44) die Schnur (8) 
so fest anziehen, dass die zuletzt gebildete Fadel- 
schlaufe (28; 34) bzw. jede Knotenschlaufe (30, 33, 
35; 39), die der letzten Knotenschlaufe (31 ; 44) vor- 
hergeht, einzein auf der sich bildenden Knoten- 
schlaufe (30. 33, 35, 31; 39, 44) festgezogen wer- 
den, wobei sich eine Kette von Verknotungen (20; 20 
38, 42) bildet, und man einen selbst-festziehenden 
Knoten (32) erhalt, und in dem die Schneldmittel so 
angebrachtsind, um die letzte Knotenschlaufe (31; 
44) an einer Stelle durchzuschnelden, die neben 
dem Knoten (32) liegt. 25 



Revendications 

1 . Proc^d4 de formation de noeud d'un bout de lagage so 

d'extr6mit6 d'un fil (8) utiiis6 pour enroulement d'un 
bobinage globalement toroidal (6) d'une machine 
dynamo^lectrique, au moyen d'un dispositif de la- 
gage du type comprenant un moyen d'alimentation 
en fil (10), une aiguille de lagage (12) comportant 35 
une extr6mit6 en forme de crochet et pouvant tour- 
ner autour de son axe (C) de meme que se d^placer 
radialement (A) et axialement (B) par rapport audit 
bobinage (6) pour engager ledit fil (8) et le tirer ra- 
dialement af in de former des anneaux de lagage en- 40 
trelac^s s'enroulant autour dudit bobinage (6), et un 
moyen pour faire tourner ledit bobinage (6) autour 
de son axe, de mani^re synchrone avec le d^pla- 
cement de ladite aiguille (12), le proc§d§ compre- 
nant les stapes, dans iesquelles : ^ 

on forme, h la fin d'une phase de lagage, plu- 
sieurs anneaux de formation de noeud li^s (30, 
33. 35, 31 ; 39, 44) sur ledit bout de lagage d'ex- 
tr^mit§, en faisant passer le fil k chaque fois, so 
respectivement, k travers un anneau de forma- 
tion de noeud form6 au pr^alable (30, 33, 35 ; 
39), ou k travers I'anneau de lagage form^ en 
dernier (28 ; 34), lors de la formation d'un pre- 
mier anneau de formation de noeud (30 ; 39) ; ss 
et 

on coupe le dernier anneau de formation de 
noeud (31 ; 44) de ladite plurality d'anneaux ; 



et caracterise en ce que, pendant la formation 
de chaque anneau de formation de noeud (30, 
33, 35 ; 39, 44), le fil (8) est tir6 dans une me- 
sure faisant que ledit anneau de lagage form6 
en dernier (28 ; 34) et, respectivement, chaque 
anneau de formation de noeud (30, 33, 35 ; 39) 
pr6c6dant un dernier anneau de formation de 
noeud (31 ; 44) se ferment individuellement sur 
I'anneau de formation de noeud (30, 33, 35, 
31 ; 39, 44) qui est form6, ce par quoi Ton ob- 
tient une chaine de prises de noeud (20 ; 38, 
42) formant un noeud autobloquant (32). le der- 
nier anneau de formation de noeud 6tant coup6 
k une position (18) adjacente au noeud (32). 

2. Proc6d6 selon la revendication 1 , dans lequel les- 
dits anneaux de formation de noeud (30, 33, 35, 31 ) 
sont formes par les stapes, dans Iesquelles : 

a1) ^ la fin de la phase de lagage au moyen 
d'un dernier d^placement radial de I'aiguille 
(12) de rint6rieur de la bobine (6) vers I'ext^- 
rieur pour former ledit dernier anneau de lagage 
(28), on separe le synchronisme entre le depla- 
cement de rotation du bobinage et le d^place- 
ment de I'aiguille, et Ton arrete la rotation dudit 
bobinage ; 

b1 ) on entraine I'aiguille (1 2) suivant un premier 
d^placement radial en direction de I'int^rieurdu 
bobinage (6), le long d'un trajet Equivalent k un 
trajet d'aiguille pendant ledit dernier d^place- 
ment radial, mais dans une direction oppos^e ; 
c1) on accroche ledit fil (8), fourni par ledit 
moyen d'alimentation en fil(IO), au moyen de 
Textr^mlte en forme de crochet de ladite aiguille 
(12); 

d1) on enframe I'aiguille (12) avec le fil (8) en- 
gag6 dans son extr6mit6 en forme de crochet 
suivant un premier deplacement radial en di- 
rection de I'extErieur dudit bobinage (6), le- long 
d'un trajet Equivalent au trajet d'aiguille pen- 
dant ledit premier deplacement radial en direc- 
tion de I'int^rieur, mais dans une direction op- 
posEe, on tire le fil (8) dans ledit dernier anneau 
de lagage (28), en I'amenant k se fermer en une 
premiere prise de noeud (20) et k former le pre- 
mier anneau de formation de noeud (30) ; 
el) on entrainement Taiguille (12) suivant un 
second deplacement radial en direction de I'in- 
t^rieur du bobinage, le long d'un trajet Equiva- 
lent au trajet d'aiguille pendant ledit dernier de- 
placement radial, mais dans une direction 
opposEe ; 

f1) on accroche le fil (8), fourni par ledit moyen 
d'alimentation en fil (10), au moyen de I'extrE- 
mite en forme de crochet de ladite aiguille (1 2) ; 
g1) on entraine I'aiguille (12), le fil (8) Etant en- 
gage dans son extrEmitE en forme de crochet. 
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suivant un deuxi^me d6placement radial en di- 
rection de rext6rieur du bobinage, le long d'un 
trajet Equivalent au trajet d'aiguille pendant le- 
dit deuxidme d^placement radial en direction 
de rint^rieur, mais dans une direction opposEe, 
on tire le fil (8) dans ledit premier anneau de 
formation de noeud (30), en I'amenant k se ter- 
mer en une deuxi^me prise de noeud et k for- 
mer un deuxi^me anneau de formation de 
noeud ; 

hi) on execute une coupe (18) dans le dernier 
anneau de formation de noeud et Ton tire le fil 
pour extraire I'extrEmitE libre (8'), en obtenant, 
par consequent, un noeud autobloquant (32). 

3. Proc6d6 selon la revendication 2, dans lequel, 
avant d'exEcuter la coupe dans ledit deuxi^me an- 
neau de formation de noeud, on effectue les stapes 
sulvantes, dans lesquelles : 

i1) on enframe raiguille (12) suivant un troisiE- 
me deplacement radial en direction de I'intE- 
rieur du bobinage, le long d'un trajet equivalent 
k un trajet d'aiguille pendant ledit dernier depla- 
cement radial, mais dans une direction 
oppos6e ; 

j1) on accroche ledit fil (8), fourni par ledit 
moyen d'alimentation en fil(IO), au moyen de 
rextr^mite en forme de crochet de ladite aiguille 
(12); 

kl) on entraine raiguille (12), le fil (8) §tant en- 
gag6 dans son extremity en forme de crochet, 
suivant un troisi^me deplacement radial en di- 
rection de Texterieur du bobinage, le long d'un 
trajet Equivalent au trajet d'aiguille pendant le- 
dit troisiEme deplacement radial en direction de 
rinterieur, mais dans une direction opposEe, on 
tire le fil (8) dans ledit deuxiEme anneau de for- 
mation de noeud, en I'amenant k se fermer en 
une troisidme prise de noeud, et k former un 
troisieme anneau de formation de noeud. 

4. ProcEde selon la revendication 2, dans lequel, 
avant d'exEcuter la coupe dans ledit deuxiEme an- 
neau de fomiation de noeud, on effectue de fagon 
rEpetee les Etapes e1 ), f 1 ) et g1 ) afin de former une 
chaine ayant une longueur souhaitEe. 

5. Precede selon Tune quelconque des revendications 
2 k 4, dans lequet raiguille (1 2), aprks avoir accro- 
che le fil (8), effectue une rotation d'environ 180'' 
autour de son axe, pendant le deplacement radial 

en direction de I'exteheur du bobinage, en tournant 
vers le bas son extrEmite en forme de crochet. 

6. Precede selon la revendication 5, dans lequel 
raiguille (12), aprEs avoir effectue un deplacement 
radial en direction de I'exterieur du bobinage, effec- 



tue une rotation d'environ 180"* autour de son axe 
retournant vers le haut son extr6mite en forme de 
crochet. 

5 7. Precede selon la revendication 5, dans lequel 
raiguille (12) aprEs avoir effectue un deplacement 
radial en direction de I'exterieur du bobinage, effec- 
tue un premier deplacement axial vers le bas, une 
rotation d'environ 180'' autour de son axe, en re- 

10 tournant son extrEmite en forme de crochet, et un 
second deplacement axial vers le bas dans une di- 
rection opposee audit premier deplacement axial. 

8. ProcEdE selon la revendication 1. dans lequel les- 
'5 dits anneaux de formation de noeud (39, 44) sont 

formEs par les Etapes, dans lesquelles : 

a2) k la fin de la phase de lagage au moyen 
d'un dernier dEplacement radial de I'aiguille 

20 (12) de rintErleur du bobinage (6) en direction 

de I'extErieur pour former ledit dernier anneau 
de lagage (34), on sEpare le synchronisme en- 
tre le mouvement en rotation du bobinage et le 
dEplacement de I'aiguille, et I'on arrete la rota- 

25 tion dudit bobinage ; 

b2) on entrame I'aiguille (12) suivant une pre- 
miere rotation autour de son propre axe pour 
former une premiere torsion (36) dans ledit der- 
nier anneau de lagage (34) et obtenir un dernier 

30 anneau de lagage torsadE (34) ; 

c2) on entraine I'aiguille (12) suivant un premier 
deplacement radial en direction de I'intErieur du 
bobinage (6), le long d'un trajet Equivalent au 
trajet d'aiguille pendant ledit dernier dEplace- 

35 ment radial, mais dans une direction opposEe ; 

d2) on accroche le fil (8), fourni par ledit moyen 
d'alimentation en fil (10), au moyen de I'extrE- 
mitE en forme de crochet de ladite aiguille (12); 
e2) on entrame I'aiguille (12), le fil (8) Etant en- 

40 gagE dans son extrEmitE en forme de crochet, 

suivant un premier dEplacement radial en di- 
rection de I'extErieur du bobinage (6), le long 
d'un trajet Equivalent au trajet d'aiguille pen- 
dant ledit premier dEplacement radial en direc- 
ts tion de I'intErieur, mais dans une direction op- 
posEe, on tire le fil (8) dans ledit dernier anneau 
de lagage torsadE (34), en I'amenant k se fer- 
mer en une premiEre prise de noeud (38) et k 
former un premier anneau de formation de 

50 noeud (39) ; 

f2) on exEcute une coupe (18) dans le dernier 
anneau de formation de noeud et I'on tire le fil 
pour extraire I'extrEmitE libre (8'), en obtenant, 
par consequent, un noeud autobloquant. 

55 

9. Procede selon la revendication 8. dans lequel, 
avant d'exEcuter la coupe dans le dernier anneau 
de formation de noeud, on effectue les Etapes sui- 
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vantes. dans lesquelles : 

g2) on entraine Taigullle (12) suivant une 
deuxi^me rotation autour de son propre axe 
pour former une seconde torsion (40) dans ledit s 
premier anneau de formation de noeud (39) et 
obtenir un premier anneau de formation de 
noeud torsade (39) ; 

h2) on entraine Taiguiile (12) suivant un deuxid- 
me d§placement radial en direction de rint§- io 
rieur du bobinage, le long d'un trajet Equivalent 
au trajet d'aiguille pendant ledit dernier d^pla- 
cement radial, mais dans une direction 
opposEe ; 

12) on accroche le fil (8), fourni par ledit moyen is 
d'alimentation en fil (10), au moyen de I'extrE- 
mite en forme de crochet de ladite aiguille (1 2) ; 
j2) on entrame Taiguille (12), le fil (8) Etant en- 
gage dans son extr^mitE en forme de crochet, 
suivant un trolsi^me d^placement radial en di- 20 
rection de I'ext^rieur du bobinage, le long d'un 
trajet Equivalent au trajet d'aiguille pendant le- 
dit deuxlEme dEplacement radial en direction 
de I'intErieur, mais dans une direction opposEe, 
on tire le fil (8) dans (edit premier anneau de 25 
formation de noeud torsade (39), en I'amenant 
k se fermer en une deuxidme prise de noeud 
(42) et k former un deuxiEme anneau de forma- 
tion de noeud (44). 

30 

10. Proc6d6 selon la revendication 9, dans lequel ladite 
premiere rotation est effectuEe dans une direction 
opposEe k la direction de ladite deuxidme rotation. 

11. ProcEdE selon la revendication 9, dans lequel les- 35 
dites premiere et deuxi^me rotations sont des rota- 
tions effectuEes sur environ 540"*. 



}) on entraine I'aiguille (12) suivant un premier 
dEplacement radial en direction de I'intErieurdu 
bobinage, en la faisant passer k travers le der- 
nier anneau de formation de noeud ; 
m) on accroche le fil (8) au moyen d'un harpon 
(1 4) qui provient de ladite direction latErale sen- 
siblement perpendiculaire k ladite aiguille (12), 
on le fait passer sous Taiguille (12) et, une fois 
accrochE au fil (8), on le retire tout en bloquant 
le fil au moyen d'un dispositif de blocage (16). 

15. Proc6d6 selon la revendication 14, dans lequel, 
lorsque Ton a effectuE la coupe (18) dans le dernier 
anneau de formation de noeud, on dEplace ledit bo- 
binage (6) et on le remplace par un nouveau bobi- 
nage k lacer, et le fil (8), bloquE par le harpon (14) 
au moyen du dispositif de blocage (1 6) est tirE auto- 
matlquement et extrait du noeud autobloquant. 

1 6. ProcEdE selon I'une quelconque des revendicatlons 
2 ^ 13, dans lequel on effectue ladite coupe (18) 
dans le dernier anneau de formation de noeud au 
moyen d'un fil amenE k I'incandescence par le pas- 
sage d'un courant Electrique. 

1 7. ProcEdE selon I'une quelconque des revendications 
2^13, dans lequel, pendant les Etapes dans les- 
quelles on entraine I'aiguille (12) suivant un dEpla- 
cement radial en direction de I'intErieur du bobina- 
ge, on fait Intervenir un moyen de rEcupEration de 
fil dans ledit moyen d'alimentation (10) pour main- 
tenir la tension du fil (8) sur I'aiguille (1 2) et, pendant 
les Etapes dans lesquelles on entrame I'aiguille (12) 
suivant un dEplacement radial en direction de I'ex- 
tErieur du bobinage, on fait Intervenir un moyen de 
freinage de fil pour limiter la dElivrance de fil k partir 
dudit moyen d'alimentation (10). 



12. ProcEde selon la revendication 8, dans lequel, 
avant d'exEcuter la coupe dans le dernier anneau 
de formation de noeud, on effectue, de fagon r6p6- 
t6e, les Etapes b2), c2), d2) et e2) afin de fornner 
une chaTne d'anneaux torsades ayant une longueur 
souhaitEe. 

13. ProcEde selon I'une quelconque des revendications 
8^12, dans lequel I'aiguille (12), aprEs avoir effec- 
tuE I'un desdits dEplacements radiaux en direction 
de I'extErieur du bobinage, effectue un premier d6- 
placement axial vers le bas et, aprds une rotation 
autour de son axe, effectue un deuxiEme dEplace- 
ment axial vers le haut, en venant dans la position 
supErieure. 

1 4. ProcEdE selon I'une quelconque des revendications 
2^13. dans lequel. avant d'executer la coupe dans 
ledit dernier anneau de formation de noeud, on ef- 
fectue les Etapes suivantes, dans lesquelles : 



1 8. Dispositif de lagage et de formation de noeud auto- 
matique, au moyen d'un fil (8), d'un bobinage glo- 
balement toroidal (6) d'une machine dynamoElec- 
trique, ledit dispositif comprenant un moyen d'ali- 
mentation en fil (1 0), des moyens destines k entrai- 
ner une aiguille de lagage (12) comportant une ex- 
trEmitE en forme de crochet, lesdits moyens d'en- 
tratnement Etant capables de faire tourner ladite 
aiguille autour de son propre axe (C) et de la dEpla- 
cer radialement (A) et axialement (B) par rapport 
audit bobinage (6). dans le but d'engager ledit fil (8) 
et de le tirer radialement afin de former des anneaux 
de lagage entrelacEs s'enroulant autour dudit bobi- 
nage (6), des moyens servant k couper le fil apr^s 
sa formation de noeud, et un moyen destinE k faire 
tourner ledit bobinage autour de son axe en syn- 
chronisme avec le dEplacement de ladite aiguille 
(12). lesdits moyens d'entramement d'aiguille pou- 
vant opErer, k la fin d'une phase de lagage, pour 
former plusleurs anneaux de formation de noeud 



45 



50 



13 



25 



EP 1 081 831 B1 



(30, 33, 35, 31 ; 39, 44) sur ledit bout de lavage d'ex- 
tr6mit6, en faisant passer k chaque fois, respecti- 
vement, le fil k travers un anneau de formation de 
noeud form^ au pr^alable (30, 33, 35 ; 39) ou k tra- 
vers un anneau de lagage form§ en dernier (28 ; s 
34), lors de la formation d'un premier anneau de for- 
mation de noeud (30 ; 39), caracterise en ce que 
lesdits moyens d'entrainement d'aiguille sont agen- 
c6s pour tirer le fil (8), pendant la formation de cha- 
que anneau de formation de noeud (30, 33, 35 ; 39, io 
44), dans une mesure faisant que ledit anneau de 
lagage form^ en dernier (28 ; 34) et, respective- 
ment, chaque anneau de formation de noeud (30. 
33, 35 ; 39) pr^c^dant un dernier anneau de forma- 
tion de noeud (31 ; 44) se ferment indivlduellement is 
sur I'anneau de formation de noeud (30, 33, 35, 31 ; 
39, 44) qui est form6, ce par quoi I'on obtient une 
chaine de prises de noeud (20, 38, 42) formant un 
noeud autobloquant (32), et en ce que les moyens 
de coupe sont agenc6s pour couper le dernier an- 20 
neau de formation de noeud (31 ; 44) k une position 
adjacente au noeud (32). 
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